istraction osteogenesis (callotasis) has been widely used in patients with limb-length inequality or massive bone defects. This procedure, however, may be associated with a high incidence of physical and psychosocial complications. Callotasis telescoping on a locked intramedullary nail has been used to shorten the period of external fixation. Little attention has been given to the use of locked intramedullary nails in the treatment of complications after callotasis.
D massive bone defect. 1 There is, however, a high incidence of complications including pin-track infection, fracture of the callus, nonunion of the docking site and delayed formation of callus. There may also be psychosocial complications and poor tolerance by the patient may result in failure or early termination of the procedure. 2 Plaster casts or further periods of external fixation and plating have been used in the treatment of fracture or bowing of the callus and premature removal of the external fixator. 2, 3 Locked intramedullary nails, which have rotatory stability and maintain the length of long bones, have been widely used in the treatment of comminuted fractures. The technique of distraction osteogenesis over an intramedullary nail has also been described. [4] [5] [6] [7] This procedure shortens the period of external fixation and allows an improved range of movement of the adjacent joints. Interlocking nailing after external fixation has also been described for the treatment of compound fractures of long bones. [8] [9] [10] [11] [12] [13] [14] Its use in the treatment of complications after distraction osteogenesis has, however, received little attention. Our aim was to evaluate the results of using locked intramedullary nailing in the treatment of complications after this procedure.
Patients and Methods
Between 1990 and 1999 we undertook 256 procedures for distraction osteogenesis in 223 skeletally mature patients. A total of 26 (10.2%) required internal fixation for complications which developed after the distraction, 23 by a locked nail and three by a plate. These 23 patients and four who were referred from elsewhere form the basis of this retrospective study. There were 17 men and ten women with a mean age of 33.2 years (16 to 66). Distraction osteogenesis had been undertaken for traumatic shortening in nine, traumatic bone loss in six, infected nonunion in five, poliomyelitis in four, physeal injury in two and osteomyelitis in one. There were 11 femora and 16 tibiae. The apparatus used was the Ilizarov ring-typed external fixator with half pins for the proximal femur and fine wires for the distal femur and lower leg. The indications for locked intramedullary nailing included nonunion at the docking site in nine patients, fracture of the callus in nine, poor tolerance in seven, and delayed or poor formation of the callus in two. According to the classification of Simpson and Kenwright, the types of fracture of the callus were all Ia, i.e. within the regenerate and with collapse. Seven were acute and in two the collapse of the callus was gradual. The locked intramedullary nail was inserted at a mean of 3.4 weeks (0 to 15) after removal of the external fixator. Details of the patients are given in Table I . Treatment of the pin-tracks and infection. In two patients (cases 16 and 21) who had infection in the half pin-tracks, the pins were removed and gentamicin solution, 20 mg in 0.5 ml, was applied to each pin-track after curettage of the bone and debridement of the soft tissue. Intravenous cefazolin (1g/8-hourly) was given for two weeks before nailing was undertaken. For the patients whose external fixators had been removed at the time of nailing, gentamicin solution, 12 mg in 0.3 ml, was injected into each pin-track after removal of the fine wires, and curettage of the track with the topical application of gentamicin, 20 mg in 0.5 ml, after removal of the half pins. Closed nailing. Eight patients underwent closed femoral nailing on a fracture table. In five in whom the external fixator had been removed at the time of internal fixation, the distal ring was used for skeletal traction. For the other three with delayed nailing, a Kirschner wire was inserted into the distal femur for skeletal traction. Radiological control was with an image intensifier. A sharp-ended guide-wire was passed through the immature callus and the site of the nonunion. Gross-Kempf interlocking nails (Howmedica, Rutherford, New Jersey) were introduced after reaming. Closed tibial nailing was undertaken in 14 patients. The procedure was similar to that for femoral nailing except that skeletal traction was not used. Open nailing. Locked Huckstep nails (Downs, Sheffield, UK) were used with an open technique in three femora (cases 10, 16 and 20) and two tibiae (cases 8 and 11). Bone graft and soft-tissue reconstruction. Autogenous bone graft from the iliac crest was added in seven patients by either an open nailing procedure (5) or using a posterolateral approach to the tibia (2). Soft-tissue reconstruction using a soleus flap and split-thickness skin was undertaken to cover an anterior skin defect in two patients (cases 8 and 11). Postoperative care and follow-up. Plaster casts were not used. Partial weight-bearing started on the third postoperative day. Anteroposterior (AP) and lateral radiographs were taken every two months until consolidation was achieved. Full weight-bearing was allowed when the radiograph showed bridging of the defect, with callus. The nail was removed at least two years after surgery. The mean followup was for 69 months (24 to 111).
Results
There was union of the regenerate or docking site in all patients at a mean of 6.4 months (2 to 14) after operation ( Fig. 1) . Shortening of the callus was measured from the radiographs taken before nailing and after union; the mean shortening was 0.7 cm (0 to 2.5). Two patients (cases 8 and 27) had infection at the site of the distal locking screws which resolved after removal of the nail. In 17 patients the nail was removed at a mean of 26 months (24 to 32) after its insertion.
Discussion
A locked intramedullary nail gives increased comfort and stability for treating complications of distraction osteogenesis when compared with external fixators or plaster casts. The indications for its use are, however, limited. It cannot be employed when there is a short distal fragment since at least two screws are necessary for stable distal fixation, nor in immature bone with an open physis or in bones with a narrow medullary cavity. The use of an intramedullary nail after external fixation is particularly controversial in the presence of potential infection. An increased incidence of infection has been reported after lengthening procedures over a locked intramedullary nail. 7 Rates of infection between 0% (0/26) and 43.8% (7/16) have been reported [8] [9] [10] [11] [12] [13] [14] [15] [16] in patients who have been treated by this method after external fixation of compound fractures of the tibia. 7, [8] [9] [10] [11] [12] [13] [14] [15] [16] These rates are lower if debridement of the pintrack is undertaken with the administration of local and systemic antibiotics. [10] [11] [12] [13] 15, 16 The highest rate of infection has been seen in patients who required prolonged external fixation. 8 In a series of patients who had been treated by immediate external fixation followed by early closed intramedullary nailing of the femur, there was a low rate of infection of 1.7% (2/58). 17 In an animal experiment in which pin-track infection was followed by reamed intramedullary nailing, the infection was controlled in the group which was managed by debridement and local and systemic administration of antibiotics before nailing, but in the group without such treatment infection spread to the bone marrow and soft tissue. 18 In our series, two patients had infection around half pins at the proximal femur. The pins were removed, the pin-tracks treated and parenteral antibiotics were administered for two weeks before nailing was undertaken. There was no further infection in these two patients. There was also infection around the distal locking screw in two tibiae in which infection of the pintracks had not been apparent although topical antibiotic solution had been injected into the tracks of the fine wires before nailing was undertaken. The infection rate in this series (7.4%, 2/27) was comparable to that after intramedullary nailing following external fixation of the fractures. The increased blood flow associated with distraction osteogenesis 19 may play a role in reducing the risk of infection. The prolonged use of an external fixator, however, may increase this risk. 8 We used a closed nailing technique when possible.
Where it was difficult to pass the guide-wire through sclerotic bone at the site of the nonunion, a sharp-ended guidewire was used after drilling. Reaming was always undertaken since an unreamed nail was not deemed to be suitable for immature or fractured regenerates. Reaming under these circumstances remains controversial. Although the blood flow may be altered by reaming, [20] [21] [22] the osseous debris which is created may serve as bone graft. 13 In an animal study of distraction osteogenesis, the regenerate of callus in a group with a reamed intramedullary nail did not differ from that of a group which had been treated without nailing. 5 It is not possible to clarify the influence of nailing on callus regenerate from this study. Reaming and insertion of a nail through immature callus did not seem to deter its maturation. Open nailing was used in five patients because of failure of a closed technique. Autogenous bone graft was used in all patients. All achieved sound union, while one had infection at the site of a distal screw.
The use of allogenic bone graft at a site of distraction in association with intramedullary nailing was described by Wassertstein and Correl. 23 Simpson and Kenwright 3 recommended the application of bone graft to large cysts before removal of the external fixator in order to prevent collapse within the regenerate. We applied autogenous bone graft to three distraction sites and two docking sites using an open nailing technique. Posterolateral tibial bone grafting was undertaken in two other patients who had had close nailing for nonunion at the docking site. Among the nine patients who had a fracture of the callus, bone grafting was only required in one who had open nailing. The locked intramedullary nail protects the regenerate from collapse.
Paley et al 6 reported loss of length when treating the complications of callotasis. There was a mean loss of 0.7 cm in our series. This usually occurred in patients with inadequate maturation of callus and despite skeletal traction being used to maintain leg length during nailing. This small degree of shortening, however, did not affect the satisfaction of the patients with the procedure.
Locked intramedullary nails may be used in the treatment of nonunion at the docking site, fracture of the callus, poor consolidation or premature termination after distraction osteogenesis in skeletally mature patients, but the potential risk of infection should be borne in mind.
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